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Abstract 
The biomass stoves have been applied thousands of years in Chinese rural areas, while the thermal efficiency of the traditional 
biomass stove is low and redundant heat is utilized inadequately. In this paper, the multifunctional biomass stove which has the 
heat collector inside was designed and transformed based on the structure analysis of the traditional biomass stoves. Furthermore, 
the related performance indicators were proposed, which are applicable for the multifunctional biomass stove. In addition, the 
multifunctional biomass stove was compared with the traditional biomass stove in the thermal performance by testing. The 
results which were obtained by synthesizing the performance indicators showed that the thermal efficiency of the multifunctional 
biomass stove was 30.79% higher than the traditional biomass stove based on the kang surface temperature. The multifunctional 
biomass stove had a preferable thermal performance than the traditional biomass stove. Thus, the multifunctional biomass stove 
can reduce the energy consumption and is applicable in rural buildings. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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Introduction 
Biomass stoves are still widely used for about millennium in Chinese rural areas. Especially in winter, the waste 
heat utilization method of the biomass stove combined with kang is highly favored by the vast number of rural 
households. The heat produced by the fuels combustion in the biomass stove can provide for cooking and kang for 
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heating. However, the thermal efficiency of the traditional biomass stove is low to 10% [1] because the grate and the 
vent pipe are not set in the traditional biomass stove. With the development of the firewood/coal saving stove in 
Chinese rural areas, the thermal efficiency of the firewood/coal saving stove can reach up to 20% compared with the 
traditional biomass stove [2]. Though, the redundant heat is wasted. Because of the single function of the traditional 
biomass stove, the heat utilization is insufficient, which leads to the high exit flue gas temperature. 
Currently, the researches in China in respect to the biomass stoves focused on the study of the testing methods for 
the thermal performance of the stoves [3] and the retrofit researches of the biomass briquette stoves [4]. The research 
objects abroad are the combustion characteristic of the fuels burning in the stove. Roy M. studied the emissions and 
combustion of the biomass particles forming fuels by experiment [5]. Prapas J. studied the impact of the chimney on 
the buoyancy force of the fuels combustion [6]. However, the retrofit researches which can be applied to the biomass 
stove combined with the kang are barely. The fuels of the biomass stove combined with the kang are the original 
materials such as corncobs, straws and firewood. 
The biomass stoves in northern China in rural areas are mostly the traditional biomass stoves. The thermal 
efficiency of the traditional biomass stove is low and its function is unitary. The high efficient biomass stoves are 
shortage for rural households. In this paper, the multifunctional biomass stove which has the heat collector inside 
was designed and transformed based on the structure analysis of the traditional biomass stoves. The thermal 
performance of the multifunctional biomass stove and the traditional biomass stove are compared through testing, 
which can provide data for selecting the biomass stove possessing the better thermal performance.  
 
Nomenclature 
P1 the heat intensity in the calefactive phase of the multifunctional biomass stove (kW) 
P2 the heat intensity in the evaporative phase of the multifunctional biomass stove (kW) 
Gs1 the initial mass of the water in cooking pot for test (kg) 
t2-t1 the difference of the boiling and initial water temperature (ć) 
Qj1 the absorbed heat of the heat collector in the calefactive phase ( kJ) 
Gs2 the mass when the cooking pot water temperature reaches up to the boiling temperature (kg) 
Gs3 the water mass in cooking pot when the water temperature is 2ć lower than the boiling pot (kg) 
qr the latent heat vaporization of water( kJ/kg) 
Qj2 the absorbed heat of the heat collector in the evaporative phase (kJ) 
T1 the light-off time of fuels (min) 
T2 the time when the cooking pot water temperature reaches up to the boiling pot (min) 
T3 the time when the cooking pot water temperature is 2ć lower than the boiling pot (min) 
Η the thermal efficiency (%) 
 
Methods 
The experimental method 
The experimental purposes are to compare the traditional biomass stove and the multifunctional biomass stove in 
the transformation law of the thermal performance parameters in the calefactive phase, evaporative phase and 
cooling phase. Furthermore, the experimental purposes are to analyze the heat utilization level and provide data for 
selecting the biomass stove possessing the better thermal performance. 
The experimental objects are the traditional biomass stove and the multifunctional biomass stove shown in Figure 
1(a) and Figure 1(b). The structure and the characteristics of the two kinds of biomass stoves are shown in Table 1 
and Figure 2. 
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Fig. 1. The biomass stoves for testing object, (a) the traditional biomass stove; (b) the multifunctional biomass stove 
 
Fig. 2. The structure of the two kinds of biomass stoves, (a) the profile map of the traditional biomass stove; (b) the vertical view of the 
traditional biomass stove; (c) the structure view of the multifunctional biomass stove  
Fig. 2(a) and Fig.2(b) note: 1 the surface of hearth; 2 mud plug; 3 grate; 4 the opening of feeding wood; 5 the ash-discharge door. 
Fig. 2(c) note: 1 the heat protection layer; 2 the surface of hearth; 3 mud plug; 4 heat collector; 5 grate; 6 the main ventilating duct; 7 the branch 
ventilating duct. 
Table 1. The structure characteristic of the two kinds of biomass stoves 
Type Function Characteristic 
The traditional biomass 
stove 
cooking, kang The stove is built by bricks and the stove only relies on the opening of the stove to ventilate. 
The height of combustion chamber is 150mm. 
The multifunctional 
biomass stove 
cooking, kang 
and radiator 
The stove is manufactured by the steel and has the heat collector inside. The heat collector is 
set in the stove and the outlet of the stove. The heat collector is connected with the radiator 
shown in Figure 3. The ventilating duct is installed under the grate. The configuration of the 
biomass  stove is shown in Figure 1(b) 
 
a b
a b c
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Fig. 3. The schematic diagram of the multifunctional biomass stove heating system  
Note: 1 the multifunctional biomass stove; 2 radiator; 3 pump; 4 expansion tank; 5 brake valve; RG: the water supply; RH: the water return 
 
The testing methods of the national standard were adopted in our experiments [7]. The test instruments used in 
the experiments are shown in Table 2. [8] 
Table 2. The parameters of the testing instruments 
Testing items Instrument name Measurement and detection range  
The mass of the fuels and water in testing Electronic platform scale 0~30kg, ±0.1g 
The cooking pot water temperature for 
testing WRNK-19 sheathed thermocouple  0~100, Detection range: ĉ 
The outlet smoke temperature of the stove TM2101-5 high temperature thermocouple 0-1000đθDetection range:ĉ 
The components of the smoke Ecom-J2KN flue gas analyzer 
O2 0~21%±0.2%, CO 0~4000ppm±10ppm, NO 
0~2000ppm±5ppm, NO2 0~200ppm±5ppm, SO2 
0~2000ppm±5ppm 
The supply and return temperature of the 
heat collector  
TM1101-5-1500 PT100 pipeline thermal 
resistance 0-100đθDetection range: A 
The water flow of the heat collector The rotor flow meter and the ultrasonic flow meter 60-600L/hθ±2.5% 
 
The fuels in the experiments are firewood and corncobs, which were filled into the biomass stove every 2~3 
minute. In the same time of cooking, hot smoke heats kang and heat collector in multifunctional biomass stove. The 
hot water heated by the heat collector of the multifunctional biomass stove enters into the radiators by pump. Based 
on the testing conditions, the multi-group experiments were conducted in the two kinds of biomass stoves. The 
difference of two groups of results should be equal or less to 3% [9]. The average value of the two groups of tests is 
applied to compare and analyze. The related testing information of the two kinds of biomass stoves is shown in 
Table 3. 
Table 3. The related testing information of the two kinds of biomass stoves 
Type 
The initial mass of the water in 
cooking pot 
(kg) 
The testing time The mass of the fuels (kg) The fuel type 
The traditional 
biomass stove 7.36 
Test 1 
On the morning of April 12th, 
2014  
2.5 
Firewood Test 2 
On the afternoon of April 12th, 
2014 
3.0 
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The multifunctional 
biomass stove 15 
Test 1 
On the afternoon of March, 
26th, 2015 4.0 Corncobs Test 2 
On the night of March, 26th, 
2015 
 
1.1. The retrofit of the performance evaluation indexes 
The thermal performance indexes used to evaluate the biomass stoves were adopted conforming to the national 
regulation [7]. The mainly thermal performance indexes of the traditional biomass stoves include the water 
temperature rise rate, water evaporation rate, heat intensity in the calefactive phase and evaporative phase and the 
thermal efficiency. Because the structure of the multifunctional biomass stove is different from the traditional 
biomass stove, the thermal performance indexes should be added and transformed based on the thermal performance 
indexes of the national regulation [7]. Thus, the heat intensity in the calefactive phase and the evaporative phase of 
the multifunctional biomass stove can be calculated by the Equation (1) and Equation (2) [10]. 
 
 
11 2 1
1
2 1 2 1
4.18 ( )
60( ) 60( )
js QG t tP
T T T T
                                                                                                                                   (1) 
22 3
2
3 2 3 2
( )
60( ) 60( )
js s r QG G qP
T T T T
       (2) 
Where P1 is the heat intensity in the calefactive phase of the multifunctional biomass stove, kW; P2 is the heat 
intensity in the evaporative phase of the multifunctional biomass stove; Gs1 is the initial mass of the water in 
cooking pot for testing, kg˗t2-t1 is the difference of the boiling and initial water temperature, ć˗Qj1 is the 
absorbed heat of the heat collector in the calefactive phase, kJ˗Gs2 is the mass when the cooking pot water 
temperature reaches up to the boiling temperature, kg˗Gs3 is the water mass in cooking pot when the water 
temperature is 2ć lower than the boiling pot, kg˗qr is the latent heat vaporization of water, 2253kJ/kg˗Qj2  is the 
absorbed heat of the heat collector in the evaporative phase, kJ˗T1 is the light-off time of fuels, min˗T2 is the time 
when the cooking pot water temperature reaches up to the boiling pot, min˗T3 is the time when the cooking pot 
water temperature is 2ć lower than the boiling pot, min. 
Results 
The parameters of cooking 
Referring to results for the water temperature rise rate and water evaporation rate shown in Table 4, the water 
temperature rise rate of the multifunctional biomass stove was higher than the traditional biomass stove. The results 
illustrated that the cooking performance of the multifunctional biomass stove is better than the traditional biomass 
stove. The evaporation rate ruled by the national regulation should be equal or higher to 0.1kg/min. The 
multifunctional biomass stove can meet the demand merely shown in Table 4. 
Table 4. The water temperature rise rate and evaporation rate of the two kinds of biomass stoves 
Type Test  The water temperature rise rate (ć/min) 
The water evaporation rate 
( kg/min) 
The traditional biomass stove Test 1 2.74 0.09 
Test 2 2.60 0.07 
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The multifunctional biomass stove 
Test 1 3.35 0.10 
Test 2 3.40 0.10 
 
The heat gain of water in the cooking pot in different phase can be calculated by the related methods based on the 
water temperature and mass variation in cooking pot [10]. The heat gain and the heat proportion of water in the 
cooking pot are shown in Table 5. The results showed that the two groups of the cooking thermal efficiency of the 
multifunctional biomass stove can all approach or beyond 20% and are higher than the cooking thermal efficiency of 
the traditional biomass stove. Thus, the cooking thermal efficiency of the   multifunctional biomass stove was 
improved based on the traditional biomass stove. 
Table 5. The heat gain of water in the cooking pot for the two kinds of biomass stoves 
Type Test 
The heat gain in the 
calefactive phase 
(MJ) 
The proportion of 
heat gain in the 
calefactive phase 
(%) 
The heat gain in 
the evaporative 
phase 
(MJ) 
The proportion of 
heat gain in the 
evaporative phase 
(%) 
The thermal 
efficiency of 
the two phase 
(%) 
The traditional 
biomass stove 
Test 1 2.45 5.30 4.19 9.07 14.36 
Test 2 2.53 4.56 7.68 13.85 18.41 
The 
multifunctional  
biomass stove 
Test 1 5.25 8.13 7.66 11.85 19.98 
Test 2 5.39 8.34 8.00 12.37 20.71 
 
The heat intensity in the calefactive phase and the evaporative phase of the multifunctional biomass stove were 
calculated by the Equation (1) and (2). The results shown in Table 6 presented that the heat intensity in the 
calefactive phase and the evaporative phase of the multifunctional biomass stove were all higher than the traditional 
biomass stove. The water temperature rise rate and the heat intensity in the calefactive phase are applied to evaluate 
the starting performance. The water evaporation rate and the heat intensity in the evaporative phase are to estimate 
the persistent heating capacity. Hence, synthesizing the indexes, the multifunctional biomass stove has the better 
starting performance and the persistent heating capacity. 
Table 6. The heat intensity in the calefactive phase and the evaporative phase 
Type Test 
The heat intensity 
of water in 
cooking pot in the 
calefactive phase 
(kW) 
The heat 
intensity of 
the heat 
collector in 
the calefactive 
phase  
( kW) 
The total heat 
intensity in the 
calefactive 
phase (kW) 
The heat 
intensity of 
water in 
cooking pot in 
the  evaporative 
phase  
(kW) 
The heat 
intensity of the 
heat collector in 
the evaporative 
phase  
(kW) 
The total heat 
intensity in the 
evaporative 
phase  
(kW) 
The traditional 
biomass stove 
Test1 1.40 0.00 1.40 3.49 0.00 3.49 
Test2 1.51 0.00 1.51 2.72 0.00 2.72 
The 
multifunctional 
biomass stove 
Test1 3.50 4.51 8.01 3.76 3.65 7.41 
Test2 3.55 4.16 7.71 3.90 4.68 8.58 
 
The heat gain of the heat collector 
In the multifunctional biomass stove, the heat gain of the heat collector can be calculated based on the difference 
between the supply and return water temperature and the mass flow of water. The results shown in Table 7 were 
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gained by the test data. The heat collector can absorb 35.49% of the fuels heat averagely, which was produced 
during the fuels combustion. However, the heat gain of the heat collector may lead to the insufficient smoke heat, 
which has the possibility of the low kang surface temperature. Thus, the discharge smoke heat should be analyzed.  
Table 7. The heat gain of the heat collector  
Type Test 
The heat gain of the heat 
collector 
(MJ) 
The fuels heat 
(MJ) 
The proportion of the heat gain of the heat 
collector  
(%) 
The multifunctional 
biomass stove 
Test 1 22.78 64.64 35.24 
Test 2 23.10 64.64 35.74 
The discharge smoke heat 
The smoke heat can be analyzed by the method of the literatures and the results are shown in Table 8. The 
interesting results were that the discharge smoke heat of the traditional biomass stove was greater, which surpassed 
40% of the fuels heat averagely. However, the proportion of the discharge smoke heat of the multifunctional 
biomass stove was significantly lower than the traditional biomass stove because the heat collector took away the 
part of the fuels heat. Whether the smoke heat can impact on the kang surface temperature is uncertain. 
Table 8. The discharge smoke heat  
Type Test The discharge smoke heat (MJ) 
The proportion of the smoke heat 
(%) 
The traditional biomass stove Test 1 16.13 34.89 
Test 2 25.68 46.29 
The multifunctional biomass 
stove 
Test 1 22.10 34.19 
Test 2 19.18 29.67 
 
The thermal efficiency 
The heat utilization of the traditional biomass stove includes the cooking heat, the heat gain of kang. However, 
the heat utilization of the multifunctional biomass stove contains the cooking heat, the heat gain of the heat collector 
and the kang. Thus, the thermal efficiency of the two kinds of biomass stoves are shown in Figure 4 by the 
previously analyzed results based on the heat utilization method. The thermal efficiency of the multifunctional 
biomass stove increased averagely by 30.79% compared with the traditional biomass stove. 
 
 
Fig. 4. The thermal efficiency of the two kinds of biomass stoves 
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Discussion 
We found that the multifunctional biomass stove had a better starting performance, persistent heating capacity 
and the cooking efficiency was improved based on the traditional biomass stove. The reason is that the ventilating 
duct is set under the grate of the multifunctional biomass stove and the traditional biomass stove only relies on the 
opening of feeding wood to intake air. The sufficient air can improve the combustion efficiency. Furthermore, the 
height of combustion chamber of the multifunctional biomass stove is lower than the traditional biomass stove. Thus, 
the radiant function can allow the multifunctional biomass stove provide the persistent heating capacity. The 
discharge smoke heat may influence on the kang surface temperature. Thus, the influence should be analyzed. The 
kang thermal efficiency is 52% based on the literature [11]. Considering that the heat spreading can last 4h, the heat 
release of kang in the condition of the multifunctional biomass stove is 124.22W/m2 based on the kang thermal 
efficiency and the discharge smoke heat by selecting the kang of 3m length and 2m width, comparing with 
125.82W/m2 of the traditional biomass stove. Through matching the heat flux and the kang surface temperature, the 
kang surface temperature can reach up to 31.22ć in the condition of the multifunctional biomass stove. 
 
The multifunctional biomass stove can make full use of the heat produced by the fuels combustion. The heat loss 
contains the heat loss of the stove surface, the gas incomplete combustion heat loss and the mechanical incomplete 
combustion heat loss. However, the proportion of the heat loss of the traditional biomass stove was 35.3%~50.75%, 
which was higher than the 10.59%~13.88% of the multifunctional one, because the air is abundant.  
 
Most notably, this is the first study to our knowledge to investigate the retrofit research of the biomass stove 
combined with the kang. The multifunctional biomass stove can improve the thermal efficiency efficiently and 
possess the preferable thermal performance. However, the kang surface temperature has not been measured. Future 
work should verify the impact of the heat collector on the kang surface temperature by monitor.    
Conclusions 
The thermal performance of the two kinds of biomass stoves were tested based on the thermal performance 
indexes of the national regulation. The concluded remarks of this study may be explained as follows: 
(1)The heat utilization of the multifunctional biomass stove contains the cooking heat, the heat gain of the heat 
collector and the kang. The heat intensity in the calefactive phase and heat intensity in the evaporative phase are 
3.53 kW and 3.83 kW, higher than traditional biomass stove. 
(2) The heat collector in the multifunctional biomass stove can take away 35.49% of the fuels heat averagely and 
reduce the discharge smoke heat. The heat release of kang by the multifunctional biomass stove is 124.22W/m2, 
closing to 125.82W/m2 of the traditional one. 
(3)The thermal efficiency of the multifunctional biomass stove increases by 30.79% compared with the 
traditional biomass stove. The vast number of rural households can use the multifunctional biomass stove to enhance 
the energy utilization. 
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